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those with (n ¼ 30, Age: 48.2  11.3 years, BMI: 23.3  3.3 kg/m2) and
without (n ¼ 36, Age: 54.5  8.9 years, BMI: 24.5  3/0 kg/m2) radio-
graphic hip OA. Subjects with severe radiographic OA (KL ¼ 4) were
excluded from the study. All subjects completed 3.0 Tesla MR imaging of
the hip using optimized high-resolution sagittal, coronal, and oblique
axial sequences. Experienced radiologists performed the clinical grad-
ing of cartilage and labral lesions at the hip using a semi-quantitative
scoring technique developed in-house. For cartilage lesions, the femoral
and acetabular segments were divided into six subregions (4 femoral, 2
acetabular) on the coronal studies and 4 subregions (2 femoral, 2 ace-
tabular) on the sagittal studies, for a total of 10 subregions. Cartilage
defects were graded as 0 (no defect), 1 (partial thickness) and 2 (full
thickness). Labral tears were graded as 0 (normal or normal variant), 1
(fraying or signal abnormality), 2 (simple tear), 3 (labral-cartilage sep-
aration), 4 (complex tear) and 5 (maceration). Total scores were calcu-
lated for cartilage lesions (femoral and acetabular) and labral tears.
Additionally, alpha anglewasmeasured on the oblique axial MR images,
and the lateral center edge (LCE) angle was recorded from the radio-
graphs. Kinematic and kinetic data were obtained during walking at the
speed of 1.3 m/sec from all subjects using 3-D motion capture techni-
ques. Peak hip extension during the 2nd half of stance was calculated as
an average of 5 trials. Pain and activity limitationwas assessed using the
Hip disability and Osteoarthritis Outcome Score (HOOS) pain and
activity of daily living (ADL) dimensions. Peak hip extension, HOOS,
anatomic radiographic and MR parameters were compared between
subjects with and without radiographic hip OA using one-way ANOVA
while adjusting for age. Correlations of radiographic and MR parame-
ters with peak hip extension were calculated.
Results: The subjects with hip OA were older (P ¼ 0.015), not heavier
(P ¼ 0.132), had greater pain (P ¼ 0.022) and greater limitation in the
ADL (P ¼ 0.048) (Table 1). However, average HOOS scores were > 85%
for both groups (Table 1). The hip OA subjects walked with approx-
imately 3 lower peak hip extension (P ¼ 0.048) (Table 1). They also
had approximately 3.5 lower hip extension at toe off (P ¼ 0.032)
compared to the control group (Table 1). The OA group had greater
severity and prevalence of acetabular (P ¼ 0.013) and femoral (P ¼
0.006) cartilage lesions but the differences were not signiﬁcant for
labral tears (P ¼ 0.109). The differences between the groups were not
signiﬁcant for the MR alpha angle (P ¼ 0.689), and the radiographic
LCE angle (P¼ 0.934). Peak hip extensionwas correlated with KL grade
(r ¼ -0.27, P ¼ 0.027), cartilage lesions in the inferior femoral region (r
¼ -0.27, P ¼ 0.028) and posterior femoral region (r ¼ -0.24, P ¼ 0.049).
None of the other anatomic parameters had signiﬁcant correlations
with peak hip extension. Further investigation showed that subjects
with lesions in the inferior femur (n ¼ 18) walked with approximately
4 less peak hip extension (P ¼ 0.015) compared to those without
lesions in the inferior femur (n ¼ 48).Table 1
Age, BMI, gender distribution, HOOS, and hip extension during walking data for control and hip OA subjects. Mean and 95% conﬁdence intervals shown
Control (11 ¼ 30) Osteoarthritis (n ¼ 36) P
Age (years) 48.2 (44.0. 52.5) 54.5 (51.5, 57.5) 0.015y
BMI (kg/m2) 23.3 (22.1, 24.6) 24.5 (23.5, 25.5) 0.132y
Gender (male:female) 14:16 24:12 0.102*
HOOS Pain (%) 95.9 (93.2, 98.7) 87.9 (81.9, 93.8) 0.022y#
Activities of daily living (%) 97.8 (95.8, 99.9) 91.8 (86.9, 96.9) 0.048y#
Gait Peak extension (degrees) -18.7 (-21.4, -16.0) -15.5 (-17.9, -13.1) 0.048y#
Extension at toe-oft (degrees) -9.2 (-11.8, -6.6) -5.7 (-7.9, -3.4) 0.032y#
yP value from one-way ANOVA.
*P value from chi square test.
# adjusting for age.Conclusions: The results show that hip extension limitation during
walking is present even in high functioning individuals with mild-
moderate radiographic hip OA. Also, the results demonstrate the car-
tilage lesions, speciﬁcally lesions in the inferior femoral region, are
associated with the limitation of hip extension. On the other hand,
alpha angle, LCE angle, and labral tears were not found to be related to
hip extension deﬁcits during walking. These results demonstrate the
association of joint structure and movement patterns in people with
early hip OA, and the importance of objective quantiﬁcation of walking
patterns in the early stage of hip OA disease. The study was funded by
NIH-NIAMS P50 AR060752.126
WALKING KNEE LOADS SHOW OPPOSITE ASSOCIATION WITH
CARTILAGE COMPOSITION IN PEOPLE WITH OSTEOARTHRITIS
COMPARED TO YOUNG HEALTHY SUBJECTS
D. Kumar, T.D. MacLeod, K. Subburaj, J. Singh, N.E. Calixto, X. Li,
T.M. Link, S. Majumdar, R.B. Souza. Univ. of California San Francisco, San
Francisco, CA, USA
Purpose: The objective was to evaluate the associations of sagittal
(ﬂexion) and frontal (adduction) impulse during walking with articular
and meniscal cartilage MR relaxation times in young healthy, middle-
aged healthy, and osteoarthritic populations.
Methods: Data were collected from three cohorts: (a) young (< 35
years) and painfree (n ¼ 25 [40 knees], Age ¼ 27.8  4.2 years, BMI ¼
22.6  2.1 kg/m2), (b) middle-aged ( 35 years) without radiographic
OA (Kellgren-Lawrence [KL] grade < 2) (n ¼ 64, Age ¼ 49.8  9.7 years,
BMI¼ 24.5 3.4 kg/m2), and (c) middle-aged with OA (KL > 1) (n¼ 28,
Age¼ 59.8 9.7 years, BMI¼ 25.0 3.2 kg/m2). All subjects underwent
3.0 Tesla knee MRI and 3-D motion capture while walking. MR included
(a) high-resolution 3-D T2-weighted fast spin echo for clinical grading
of cartilage, meniscus, and bone marrow lesions (BML) using a modiﬁed
Whole Organ MR Score, and (b) T1r- and T2 relaxation times mapping
sequences for quantiﬁcation of articular and meniscal cartilage relaxa-
tion times. Variables computed included: global tibiofemoral T1r- and
T2 and global meniscus T1r- and T2, and medial cartilage T1r- and T2
and medial meniscus T1r- and T2. Adduction and ﬂexion impulses
during the 1st half of stance were calculated from the walking trials.
Long limb radiographs were obtained for measuring lower extremity
alignment. Generalized Estimating Equations were run separately in the
three groups (young, middle-aged, and OA) to evaluate the association
of (a) ﬂexion impulse with global cartilage and menisus T1r- and T2
relaxation time, and (b) adduction impulse with medial cartilage and
meniscus T1r- and T2 relaxation times. All models were adjusted for
age, BMI, gender, walking speed, and data from both knees from some
subjects. Pearson’s correlations were assessed between alignment and
the MR parameters.
Results: Higher knee ﬂexion impulse was associated with: lower
tibiofemoral T1r (P < 0.0001) and T2 (P < 0.001) in young subjects,
higher tibiofemoral T2 (P¼ 0.006) in themiddle-aged group, and higher
tibiofemoral T1r (P ¼ 0.003) and T2 (P ¼ 0.006) in the OA group (TABLE
1). Higher knee ﬂexion impulse was associated with lower global
meniscus T1r (P ¼ 0.002) and T2 (P ¼ 0.008) in the young group, and
not associated with meniscus T1r or T2 in the middle-age and OA
groups (P > 0.05) (TABLE 1).
Higher adduction impulse was not associated with medial cartilage T1r
or T2 in the young and middle-aged group, and associated with higher
medial cartilage T2 (P ¼ 0.008) in the OA group (TABLE 1). Higher
adduction impulse was associated with higher medial meniscus T1r (P¼ 0.033) in the young group, not associated with medial meniscus T1r
or T2 in the middle-aged group, and associated with higher medial
meniscus T1r (P ¼ 0.016) or T2 (P < 0.001) in the OA group (TABLE 1).
Greater varus malalignment was not related to cartilage or meniscus
T1r or T2 times in young and middle-aged groups. In the OA group,
greater varus was associated with higher medial cartilage T1r (R2 ¼
0.14, P ¼ 0.013) and T2 (R2 ¼ 0.11, P ¼ 0.039), and with higher medial
meniscus T1r (R2 ¼ 0.16, P ¼ 0.010) and T2 (R2 ¼ 0.10, P ¼ 0.058).
Finally, greater varus malalignment was related to higher medial knee
BML scores (r ¼ 0.23, P ¼ 0.034) in the middle-aged group, and higher
medial knee cartilage (r ¼ 0.51, P < 0.001) and BML (r ¼ 0.55, P <
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S800.001), and medial meniscus (r ¼ 0.34, P¼ 0.020) scores in the OA
group. The difference in mechanical axis between the 3 groups was not
signiﬁcant.Table 1
Results from the generalized estimating equations for associations of knee ﬂexion and adduction impulses with the MR parameters in the three groups
Young Middle-aged non-OA OA
Coefﬁcient 95 % CI P Coefﬁcient 95 % CI P Coefﬁcient 95 % CI P
Knee ﬂexion impulse
Tibiofemoral T1p -486.4 -653.7,-319.0 <0.001 253.3 -35.8, 542.5 0.086 128.5 42.7, 214.3 0.003
T2 -377.7 -242.6, -512.9 <0.001 301.9 85.2, 518.5 0.006 199.4 55.8, 343.1 0.006
Global Meniscus T1p -222.1 -80.3, -363.9 0.002 25.6 -130.1, 181.2 0.748 32.2 -129.0, 193.4 0.696
T2 -198.3 -52.7, -344.0 0.008 28.7 -115.7, 173.1 0.697 81.8 -142.5, 306.1 0.475
Knee adduction impulse
Medial Cartilage T1p 89.4 -194.8, 373.7 0.537 76.4 -371.0, 523.8 0.738 284.0 -210.7, 778.8 0.261
T2 -164 -249.6, 216.7 0.890 167.7 -160.1, 495.6 0.316 336.6 87.0, 586.2 0.008
Medial Meniscus T1p 290.2 22.9, 557.6 0.033 -22.8 -200.87, 155.2 0.802 285.6 52.8, 518.3 0.016
T2 224.2 -42.7, 491.1 0.100 -57.6 -233.9, 118.7 0.522 478.5 224.5, 732.6 <0.001Conclusions: Higher sagittal loads were related to lower cartilage T1r
and T2 in young subjects suggesting higher proteoglyan (PG) and col-
lagen concentration. This association reverses partially in the middle-
aged group and completely in the OA group. Osteoarthritic cartilage
may not be able to respond positively to physiological loading leading to
vicious cycle of further degeneration. Meniscus also showed similar
pattern where higher sagittal loads were related to better composition
in young subjects but this association was not present in the OA group.
Frontal plane loads on the other hand showed negative associationwith
meniscus cartilage composition across all groups with stronger asso-
ciations in the OA group. Hence, frontal plane loading may impact knee
OA onset through its association with meniscus rather than articular
cartilage. Once OA has developed, greater adduction impulse and
greater varus were both related to worse medial cartilage morphology
and composition. The ﬁndings highlight the importance of sagittal
loads, in addition to, frontal loads, towards cartilage degeneration in
people with knee OA. This study was funded by NIH-NIAMS RO1
AR046905 and R01 AR062370.
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THE EFFECT OF QUADRICEPS-STRENGTHENING EXERCISE ON
QUADRICEPS AND KNEE BIOMICHANICS DURING WALKING IN
ADULTS WITH KNEE OSTEOARTHRITIS: A RANDOMIZED
CONTROLLED TRIAL
J. Aaboe y, M. Henriksen y, C. Bartholdy y, J. Leonardis z, P. Rider z,
L. Jørgensen y, R. Christensen y, H. Blidddal y, P. Devita z. yDept. of
Rheumatology, The Parker Inst., Frederiksberg, Denmark; zBiomechanics
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Purpose: In people with tibio-femoral osteoarthritis (OA) pain and
reduced muscle strength are the primary reasons for disability and
lower quality of life. Quadriceps strengthening reduces pain and
improves physical function and is thought to be protective of the knee
from aberrant loadings. The underlying theory dictates that quadriceps
strength training will increase quadriceps force and negative work and
thereby unload the tibio-femoral joint during walking. This bio-
mechanical mechanism is theoretically ﬂawed however in that larger
quadriceps force will directly increase tibio-femoral joint load, and
negative muscle work does not reduce joint loads but total body
mechanical energy. Certainly muscle strength and muscle function are
pivotal for knee OA patients in terms of general physical function, but
the alleged biomechanical mechanism of quadriceps strengthening
have not been supported with empirical data. The aim of the study is to
evaluate the effect of quadriceps strengthening on the quadriceps
muscle force production and tibio-femoral joint loading during walking
in adults with knee OA.
Methods: This study is a two-center randomized controlled trial
including adults with tibio-femoral OA (ClinicalTrials.gov/
NCT01538407). Participants were randomly allocated to a 12 weeks of
quadriceps strengthening group or a control group (no attention). All
participants had 3D gait analyses, muscle strength, and WOMAC data
collected before and after the 12-week period. Quadriceps strength-
ening consisted of facility based sessions (3 times/week) including legextension, leg press and lunge exercises performed in 3 sets of 10
repetitions with loads increasing from 65% to 80% of 3RM. Change from
baseline in peak quadriceps force during walking at 12 weeks was theregistered primary outcome. The ﬁrst peak quadriceps muscle force and
peak knee compressive force during level walking at self-selected speed
were quantiﬁed using kinematic and kinetic data in combinationwith a
biomechanical knee model previously published (Figure 1). Two-way
ANCOVAs adjusted for age, gender, baseline value, and study center
were performed to investigate the effects of strengthening exercises on
changes in knee loadings and quadriceps force.
Results: Thirty-one adults with knee OA volunteered for the study, but
one was excluded at screening due to knee joint effusion. In total we
included 30 participants, 18 females and 12 males with a mean age of
57.1  SD 7.7 years and BMI 27.1  SD 4.0 kg/m2. Following the ran-
domization groups were very similar and differed by less than 4%, on
average, in age, height and BMI. Participants in the strength training
group completed at least 30 sessions (80%) of the possible 36 training
sessions. The training group exhibited a signiﬁcantly higher increase in
isometric quadriceps strength as well as lower scores (i.e. improve-
ment) in pain, function, and total WOMAC compared to the control
group (all p<0.05). There were no group differences in the changes in
quadriceps or knee compressive forces (Table 1).
Conclusions: Despite improvements in strength, pain, and function,
quadriceps-strengthening exercise did not change quadriceps force or
knee loadings during level walking in adults with knee OA. The ﬁndings
of this study suggest that pain relief and improvements in function are
not followed by changes in knee joint biomechanics, such as quadriceps
force and knee joint loadings. Moreover, increased muscle strength
does not lead to lower knee joint compressive forces during walking.
